Spray Dryer Exhaust Heat Recovery: A Techno-economic Assessment Model by Walmsley, Timothy Gordon et al.
Spray Dryer Exhaust 
Heat Recovery
A Techno-economic Assessment Model
Tim Walmsley, M Walmsley, M Atkins, J  Neale
PRES 2014
Outline
Research Motive/Context
Overarching Goal
Review of Progress
Exhaust Heat Recovery Modelling
Conclusions
New Zealand University of Waikato
Dairy
Cows
NZ Dairy Performance
0%
10%
20%
30%
0
5
10
15
20
1990 2000 2010 2020
P
e
rc
e
n
ta
ge
 o
f 
to
ta
l e
xp
o
rt
s
V
al
u
e
 o
f 
ex
p
o
rt
s 
($
 b
ill
io
n
s)
Year
Future
Growth?
Dairy
Products $$
Milk Powders $$
Export
Share %
Source: Statistics New Zealand, 2013
42.2
19.9
17.1
15.0
6.2
2.9 2.6
32.1
0
5
10
15
20
25
30
35
40
45
Food &
beverage
Petroleum
& chemical
Pulp &
paper
Wood
product
Non-metallic
minerals
product
Metals
product
Other
manufacturing
En
er
gy
 u
se
  b
y 
N
Z 
m
an
u
fa
ct
o
ri
n
g 
in
 2
0
1
2
 [
P
J]
Estimated contribution
from Dairy processing
NZ Manufacturing Process Heat Use 2012
Source: Survey of New Zealand Energy Use: Industrial and trade sector 2012
Coal & N.G.
Fuel 
Supply
MP Process 
Demand
Conversion
Losses
Milk Powder Production Utility Demands
H
Condenser
E
v
a
p
o
ra
to
r
E
v
a
p
o
ra
to
r
E
v
a
p
o
ra
to
r
TVR
Spray Dryer
Fluidised Bed (1)
Fluidised Bed (2)
Bag
House
Milk Concentrate
Std Milk
H
H
H
Exhaust Air
C
O
W
 (1
)
H
CIP
Steam
Water
Vap. (3)
Inlet Air
C
O
W
 (2
)
C
O
W
 (3
)
Evaporators Spray Dryer
Clean-In-Place (Hot Water)
Fluidised Bed (3)
H
Dry
Powder
MVR MVR
CIP
Dry
Powder
Milk Powder Plant
Source
Sink
To cooling
tower
C C C C
H
H
C
Vapour
Liquid
Gas
Important!
Aim: To Investigate How to Maximise Economic 
Heat Recovery in Milk Powder Production?
Progress to Achieving the Research Goal
4) Heat 
Exchanger 
Design
2) Heat 
Recovery 
Loop
1) Direct Heat 
Integration
3) Milk Powder 
Fouling
(1a) PDM Heat Integration Schemes (PRES’12)
Walmsley et al. (2013), App Therm Eng
Milk
(1a) PDM Heat Integration Schemes (PRES’12)
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MER D: Cyclic milk matching & indirect condenser integration
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MER C: Split milk & indirect condenser integration
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(1b) The Cost Derivative Method (PRES’13)
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(1b) The Cost Derivative Method (PRES’13)
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(2) New Heat Recovery Loop Design Method for 
Improved Inter-plant Heat Integration (PRES’13)
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(2) New Heat Recovery Loop Design Method for 
Improved Inter-plant Heat Integration (PRES’13)
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(2) New Heat Recovery Loop Design Method for 
Improved Inter-plant Heat Integration (PRES’13)
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(3) Milk Powder Fouling of Flat Plates
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(3) Milk Powder Fouling Model
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(3) Milk Powder Fouling of Tubes
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(3) Milk Powder Fouling of Tubes
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(3) Milk Powder Fouling of Fins
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(3) Model Validation for Tube Fouling
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(3) Application of Fouling Results
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(4) Exhaust Heat Exchanger Design Problem
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Spreadsheet Optimisation Model
User-Defined Inputs
Coupled HX System Design
◦ Face size (i.e. air velocity)
◦ Tube & fin dimensions
◦ Pass arrangement
◦ Pump, piping & Buffer tank
◦ Fan
Economic Parameters
◦ Steam & electricity price
◦ Capital cost formula
◦ Discount rate
◦ Price inflation
◦ Production hours per annum
◦ Cost to clean
Fluid Flow Specifications
◦ Exhaust air temperature, flow rate, 
humidity
◦ Inlet air temperature, flow rate, 
humidity
◦ Intermediate fluid (loop) flow rate
Fouling & Cleaning Parameters
◦ Powder concentration
◦ Particle size distribution
◦ Run length
◦ Wash length
◦ Model time step
Spreadsheet Optimisation Model
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Key Model Outputs
Average heat exchanger duty
Temperature profiles within a heat exchanger
Fouling over time
◦ Mass deposited
◦ Thermal and hydraulic resistance over time
◦ Duty over time
Cost estimations
Economic Indicators (NPV, IRR, Payback)
Fouling Model Results
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Site Specific Factors Affecting Economics 
◦ Inlet air temperature (outside 15°C or inside 33°C)
◦ Inlet air absolute humidity (outside or inside)
◦ Exhaust air temperature (+5° → +25% HR)
◦ Bag filters (low powder conc.)
◦ Inlet and exhaust fan capacity (reduce cost by ~25%)
◦ Existing pre-heaters using utility
◦ Existing heat recovery to dryer inlet air
Site Specific Factors Affecting Economics
◦ Re-usable existing ducting (reduce cost by ~20%)
◦ Operating and production hours 
◦ Price of energy (varies by 30 – 50%)
◦ Space  
◦ Inlet air heater bottleneck
◦ Good attitude to change 
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Present Work: Design Optimisation 
Overall Conclusions
• New Zealand milk powder plants can economically 
increase HR by ~20 %; exhaust heat recovery (HR) is the 
single largest opportunity
• Exhaust HR can play an integral part in supplying heat 
to neighbouring plants via HRLs
• For SMP, a final exhaust air temperature above 55 °C 
can minimise particulate fouling problems
• Exhaust HR is economic for good sites (payback time 
of ~1.6 years, NPV of NZ$2.9 million and IRR of 71 %)
•Site selection is important
Thesis Link & Any Questions?
Heat Integrated Milk Powder Production
By Tim Walmsley
http://hdl.handle.net/10289/8767
